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Objectives: We propose a calculus-based formula to calculate contact surface area (CSA). We examined
the correlation of CSA and renal volume loss and the predictability for renal function after partial ne-
phrectomy (PN).
Materials and methods: We conducted a retrospective study in patients who underwent PN between
January 2012 and December 2014. Based on abdominopelvic computed tomography and magnetic
resonance imaging, we calculated the CSA with the formula: 2  p  r  d; where r ¼ radius and
d ¼ depth, while resected and ischemic volume (RAIV) was determined by the equation
[2w2 þ 3w(r þ d) þ 6rd] w  p⁄ 3, where w ¼width of parenchymal ischemia and resection, r ¼ radius,
and d ¼ depth. We evaluated the correlation between CSA, RAIV, and perioperative parameters. We
compared the ability of CSA and RAIV to predict the reduction in renal function.
Results: There were 35, 26, and 45 patients receiving open, laparoscopic, or robot-assisted PN, respec-
tively. The mean ± standard deviation CSA was 30.7 ± 26.1 cm2, and the mean ± standard deviation RAIV
was 19.1 ± 14.4 cm3. In Spearman correlation analysis, we found that CSA and RAIV were highly
correlated (coefﬁcient: 0.99, p < 0.001). In univariate analysis, body mass index (p ¼ 0.02), estimated
blood loss (p ¼ 0.001), RAIV (p < 0.001), and CSA (p < 0.001) signiﬁcantly affected postoperative renal
function (PRF). In receiver operating characteristic curve analysis, both CSA and RAIV had good ability to
predict >10% change in estimated glomerular ﬁltration rate (area under the curve: 0.86 vs. 0.87). There
was no signiﬁcant difference in area under the curve between CSA and RAIV. The area difference in PCE10
was 0.002 (p ¼ 0.51).
Conclusion: CSA and RAIV were correlated with several perioperative outcomes and affected PRF. The
ability to predict PRF between CSA and RAIV was nearly identical. CSA was simpler to use, and may
possess less interobserver variability in comparison with RAIV. Therefore, we believe that CSA can
represent renal parenchymal loss.
Copyright © 2016, Taiwan Urological Association. Published by Elsevier Taiwan LLC. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
According to National Comprehensive Cancer Network and
European Association of Urology guidelines, partial nephrectomy
(PN) is the standard treatment for T1a and selected T1b renal
tumors.1,2 It provides equivalent oncological control but betterina Medical University Hos-
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logical Science (2016), http:/renal function preservation in comparison with radical nephrec-
tomy.3 In the European Organisation for Research and Treatment
of Cancer (EORTC) trial 30904, PN decreased the incidence of at
least moderate renal dysfunction [estimated glomerular ﬁltration
rate (eGFR) <60 mL/min/1.73 m2].4 In some studies, PN even
achieved better overall survival by reducing the incidence of
sequelae of chronic kidney disease and cardiovascular
morbidity.5,6 In order to standardize the description and academic
recording of renal tumors, several nephrometry systems including
R.E.N.A.L., PADUA and C index have been developed.7e9 These
nephrometry systems were found to be correlated with surgicaliwan LLC. This is an open access article under the CC BY-NC-ND license (http://
rometry systems: head-to-head comparison of tumor contact surface
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predictability of these nephrometry systems for postoperative
renal function (PRF) after PN is still controversial.11,12
In studies that included the amount of renal parenchyma change
to access PRF, the percentage of parenchyma preservation plays the
predominant role in predicting renal function.13e15 Recently, Shin
et al16 proposed a calculus-based formula to calculate the resected
and ischemic volume (RAIV) during PN. In their study, the corre-
lation between RAIV and the absolute and percentage change in
eGFR was stronger compared with other nephrometry systems.
However, the complexity of the formula and dependence on
computation limits the use of RAIV in clinical practice. In our pre-
vious study, we introduced a calculus-based tumor contact surface
area (CSA) and proved its ability to predict PRF after PN.17 No head-
to-head comparisons of RAIV and CSA have yet been conducted. In
this study, we examined correlations between RAIV, CSA, and
perioperative outcomes. Finally, we compared the ability of CSA
and RAIV to predict the reduction in renal function.2. Materials and Methods
After Institutional Review Board approval, we retrospectively
evaluated consecutive patients undergoing PN via open (OPN),
laparoscopic (LPN), or robot-assisted (RPN) approaches for local-
ized renal tumors between January 2012 and December 2014 in
China Medical University Hospital. The choice of surgical approach
was based on the cost, expertise of the surgeon, and patient pref-
erence. We excluded patients with multiple renal tumors, bilateral
renal tumors, or a solitary kidney. All of the patients had received
computed tomography (CT) or magnetic resonance imaging (MRI)
before PN. Cold ischemiawas only used for the patients undergoing
OPN, while warm ischemia was used for those undergoing LPN and
RPN.
We recorded patient demographics (age, gender, body mass
index, Charlson Comorbidity Index, and American Society of An-
esthesiologists score), perioperative outcomes [operative time,
estimated blood loss (EBL), warm/cold ischemia time, perioperative
complications, length of hospitalization], and pathological features.
Renal function was assessed by eGFR based on the Modiﬁcation of
Diet in Real Disease (MDRD) equation. PRF was determined by the
nadir of the eGFR within 1e10 months after PN. Changes in renal
function were recorded as absolute changes in eGFR (ACE), and
percentage changes in eGFR (PCE).
The maximal radius of tumor (r), and the depth of tumor in-
vasion (d) were obtained from CT or MRI and the width of
parenchymal ischemia and resection (w) was reported by the
surgeon. CSA was determined by 2  p  r  d; while RAIV wasTable 1
Demographic information of study population.
Overall OPN
N 106 35
No. male gender 53 19
Mean ± SD age (y) 59.2 ± 13.4 61.6 ± 1
Mean ± SD BMI (kg/m2) 25.6 ± 4.3 24.8 ± 4
Median (IQR) ASA 2 (0) 2 (0)
Median (IQR) CCI 1 (2) 1 (2)
Mean ± SD tumor size (cm) 5.3 ± 3.2 5.2 ± 3.
Mean ± SD depth of invasion (cm) 1.9 ± 0.9 2 ± 1
Mean ± SD month to nadir eGFR 3.3 ± 2.4 3.6 ± 2.
Mean ± SD CSA (cm2) 30.7 ± 26.1 32.5 ± 2
Mean ± SD RAIV (cm3) 19.1 ± 14.4 20.1 ±1
ASA ¼ American Society of Anesthesiologists; BMI ¼ body mass index; CCI¼ Charlson Co
rate; IQR ¼ interquartile range; LPN ¼ laparoscopic partial nephrectomy; OPN ¼ open
partial nephrectomy; SD ¼ standard deviation.
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Continuous variables are shown as mean ± standard deviation
(SD), and ordinal variables as median (interquartile range). Cate-
gorical variables including >10% and >20% change in eGFR (PCE10
and PCE20) are shown as percentages. Spearman correlation
analysis was used to evaluate the relationship between CSA and
RAIV, as well as perioperative outcomes. Univariate analysis of
various clinical variables and changes in renal function were eval-
uated using linear regression analysis. The predictability of CSA and
RAIV for renal function was compared using receiver operating
characteristic (ROC) curve analysis. All analyses were performed
using SPSS version 22 (SPSS, Chicago, IL, USA), with p < 0.05
considered to be statistically signiﬁcant.3. Results
In total, 35, 26, and 45 patients underwent OPN, LPN, and RPN,
respectively. Two patients in the OPN groupwere excluded because
of bilateral or multiple renal tumors. There only signiﬁcant differ-
ence in patient demographics between the three groups was
gender. The mean ± SD CSA was 30.7 ± 26.1 cm2. The value of “w”
was empirically assigned as 0.5 cm, and the mean ± SD RAIV was
19.1 ± 14.4 cm3 (Table 1). Major complication rates (ClavieneDindo
grade 3 or 4 events) was 4.7%. Renal cell carcinoma accounted for
58.4% of all tumors, including pT1a of 29.2%, pT1b of 24.5%, and pT2
of 4.7% (Table 2).
In Spearman correlation analysis, CSA was signiﬁcantly associ-
ated with EBL (p¼ 0.04), operating time (p¼ 0.04), ACE (p < 0.001),
and PCE (p < 0.001); RAIV was signiﬁcantly associated with EBL
(p ¼ 0.03), operating time (p ¼ 0.04), warm ischemia time
(p ¼ 0.02), ACE (p < 0.001), and PCE (p < 0.001). We found that CSA
and RAIV were highly correlated (coefﬁcient: 0.99, p < 0.001)
(Table 3). In univariate analysis, body mass index (p ¼ 0.02), EBL
(p ¼ 0.001), RAIV (p < 0.001), and CSA (p < 0.001) signiﬁcantly
affected PRF (see Table 4).
On ROC curve analysis, we found that CSA and RAIV had good
ability to predict PCE10 [area under the curve (AUC): 0.86 vs. 0.87]
and PCE20 (AUC: 0.8 vs. 0.8; Figure 1). There was no signiﬁcant
difference in AUC between CSA and RAIV. The area difference in
PCE10 was 0.002 (p ¼ 0.51), while in PCE20, it was 0.003
(p ¼ 0.31) (Table 5).4. Discussion
In recent years, numerous studies were conducted to evaluate
factors predicting functional change after PN. From the point ofLPN RPN p
26 45
6 28 0.01
6.1 59.2 ± 13.4 57.9 ± 11.2 0.72
.4 26.3 ± 3.95 25.8 ± 4.2 0.65
2 (1) 2 (0) 0.93
1 (3) 1 (2) 0.61
1 6.2 ± 3.8 4.7 ± 2.9 0.78
1.8 ± 0.9 1.8 ± 0.8 0.62
8 3.4 ± 2.6 3.1 ± 1.9 1
5.8 35.8 ± 33.4 26.4 ± 20.95 0.23
4.3 22 ± 18.3 16.7 ± 11.7 0.24
morbidity Index; CSA ¼ contact surface area; eGFR ¼ estimated glomerular ﬁltration
partial nephrectomy; RAIV ¼ resected and ischemic volume; RPN ¼ robot-assisted
rometry systems: head-to-head comparison of tumor contact surface
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Table 2
Perioperative features and change in eGFR.
Overall OPN LPN RPN p
Mean ± SD operating time (min) 274 ± 199.6 275.7 ± 113 250.5 ± 69.3 286.6 ± 286.1 0.84
Mean ± SD warm ischemia time (min) 26.7 ± 25.1 26.3 ± 11.8 22.7 ± 9 0.09
Mean ± SD cold ischemia time (min) 38.6 ± 16
Mean ± SD EBL (mL) 286 ± 355 407.4 ± 488 222 ± 205 228.3 ± 274 0.09
No. of major complications (%)
(ClavieneDindo classiﬁcation 3/4)
5 (4.7%) 2 (5.7%) 2 (7.7%) 1 (2.2%) 0.04
No. of minor complications (%)
(ClavieneDindo classiﬁcation 1/2)
20 (18.9%) 12 (34.2%) 2 (7.7%) 6 (13.3%)
No. of RCC (%) 62 (58.4%) 20 (18.9%) 10 (9.4%) 32 (30.2%) 0.026
pT1a 31 (29.2%) 6 (5.7%) 4 (3.8%) 21 (19.8%) 0.172
pT1b 26 (24.5%) 12 (11.3%) 5 (4.7%) 9 (8.5%)
pT2 5 (4.7%) 2 (0.02%) 1 (0.9%) 2 (1.9%)
G 1/2 54 (50.9%) 17 (47.3%) 9 (8.5%) 28 (26.4%) 0.41
G 3/4 4 (3.8%) 0 1 (0.9%) 3 (2.8%)
Mean ± SD eGFR (preoperative) (mL/min/1.73m2) 87.5 ± 26.6 83 ± 28.7 84.7 ± 29.2 92.2 ± 22.9 0.3
Mean ± SD eGFR (postoperative) (mL/min/1.73m2) 74 ± 24.7 69.3 ± 27.8 74 ± 28.6 78.1 ± 18.9 0.28
Mean ± SD change in eGFR (%) 15.5 ± 12.3 18 ± 14.9 14.4 ± 9.5 14.2 ± 11.4 0.7
Mean ± SD absolute change in eGFR (mL/min/1.73m2) 13.3 ± 12.1 14.3 ± 13.3 10.62 ± 6.6 14.11 ± 13.6 0.87
EBL ¼ estimated blood loss; eGFR ¼ estimated glomerular ﬁltration rate; LPN ¼ laparoscopic partial nephrectomy; OPN ¼ open partial nephrectomy; RCC ¼ renal cell car-
cinoma; RPN ¼ robot-assisted partial nephrectomy; SD ¼ standard deviation.
Table 3
Correlation between CSA/R.E.N.A.L. score and perioperative features.
Spearman CSA RAIV
Coefﬁcient p Coefﬁcient p
CSA (cm2) 1 0.99 <0.001
RAIV (cm3) 0.99 <0.001 1
EBL (mL) 0.21 0.04 0.21 0.03
Operating time (min) 0.2 0.04 0.2 0.04
Length of stay (d) 0.15 0.14 0.15 0.13
Complications (Clavian
classiﬁcation)
0.02 0.81 0.01 0.9
Absolute change in eGFR
(mL/min/1.73m2)
0.64 <0.001 0.64 <0.001
Change in eGFR (%) 0.65 <0.001 0.65 <0.001
Warm ischemia time (min) 0.22 0.07 0.28 0.02
Cold ischemia time (min) 0.32 0.12 0.31 0.13
CSA ¼ contact surface area; EBL ¼ estimated blood loss; eGFR ¼ estimated
glomerular ﬁltration rate; RAIV ¼ resected and ischemic volume.
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predicting PRF and controlling risk factors for renal function dete-
rioration are important. It is believed that limiting warm and cold
ischemia time prevents long-term loss of renal function18,19,Table 4
Regression analysis of percentage change in eGFR.
Univariate
B (95% CI) p
Age 0.01 (0.17, 0.19) 0.89
Gender 1.2 (6, 3.62) 0.62
BMI 0.69 (0.14, 1.24) 0.02
ASA 1.71 (2.58, 6) 0.43
CCI 0.94 (0.57, 2.44) 0.22
EBL 0.01 (0.004, 0.017) 0.001
Ischemia timea 4.93 (0.1, 9.97) 0.05
eGFR (preoperative) 0.04 (0.13, 0.05) 0.37
CSA 0.1 (0.07, 0.15) <0.001
RAIV 0.4 (0.25, 0.55) <0.001
ASA ¼ American Society of Anesthesiologists; BMI ¼ body mass index;
CCI¼ Charlson Comorbidity Index; CI ¼ conﬁdence interval; CSA ¼ contact
surface area; EBL ¼ estimated blood loss; eGFR ¼ estimated glomerular
ﬁltration rate; RAIV ¼ resected and ischemic volume.
a Cold ischemia time >25 minutes or warm ischemia time >58 minutes.
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area and resected and ischemic volume, Urological Science (2016), http:/although Mir et al20 showed that patients with two kidneys can
tolerate ischemia times of >30 minutes. In contrast, the amount of
vascularized nephron mass preservation appears to be an even
greater predictive factor of functional recovery.21 Thompson et al22
reported that a 5% increase in the amount of renal parenchymal
preservation carried a 17% reduction of the risk of Stage 4 chronic
kidney disease.
Theoretically speaking, the segmentation algorithm should be
the most accurate in estimating renal volume preservation. How-
ever, it is time-consuming to measure areas on each axial section of
CT scan and calculation of the renal volume is software depen-
dent.23 Several other methods have been proposed to estimate the
preservation of functional volume, such as the surgeon's intra-
operative assessment, and a cylindrical model based on perioper-
ative imaging studies.13,24 Although surgeon's assessment of
volume preservation may be convenient, the interobserver
concordance is doubtful and it cannot be obtained preoperatively.
In applying a cylindrical model, it only took approximately 5 mi-
nutes for each patient. However, it was limited for kidneys with
substantial irregular defects.
Shin et al16 raised the idea of using a mathematical model to
calculate RAIV and found that RAIV correlated well with the ab-
solute and percent change in eGFR. Based on integral calculus, the
formula is composed of three parameters: radius, depth, and width
of resection/ischemization (w). “w” is mainly dependent on surgi-
cal techniques, which vary between surgeons and every suture.
Nevertheless, the operational deﬁnition of “w” was not clearly
described in their study. It may have resulted in greater variation of
evaluation between different clinicians, and it could not be ob-
tained before PN. Finally, the complex formula and dependence on
full computation limits its use clinically.
Regarding renal parenchyma loss, Meyer et al25 concluded that
it was associated with ischemia time, tumor size, location, and
exophytic percentage. These parameters were available before
operation except for ischemia time. Simmons et al26 stated that
R.E.N.A.L. scores were associated with functional volume preser-
vation. Among them “R” score and “N” score were the most
important factors. The irrelevance between endophytic property
and volume loss may have been due to selection bias in their
cohort. In brief, renal parenchyma loss may be affected by three
major parameters including diameter (R), endophytic percentage
(E), and nearness of collecting system (N).rometry systems: head-to-head comparison of tumor contact surface
/dx.doi.org/10.1016/j.urols.2016.08.002
Figure 1. ROC analysis of more than 10% and 20% change of eGFR.
Table 5
ROC curve area comparison: CSA and RAIV.
PCE10 PCE20
Area difference 0.002 0.003
Standard error 0.003 0.003
95% CI 0.004 to 0.008 0.008 to 0.003
c2, DF ¼ 1 0.43 1.02
p 0.51 0.31
CI ¼ conﬁdence interval; CSA ¼ contact surface area; DF ¼ degrees of freedom;
PCE ¼ percentage changes in estimated glomerular ﬁltration rate; RAIV ¼ resected
and ischemic volume; ROC ¼ receiver operating characteristic.
Y.-D. Wang et al. / Urological Science xxx (2016) 1e54In our study, we proposed the concept of CSA, which was
composed of radius and depth of tumor invasion. These two factors
were the combination of “R”, “E”, “N” in R.E.N.A.L score.17 From this
point of view, CSA may be representative of renal parenchymal lossPlease cite this article in press as: Wang Y-D, et al., New-generation neph
area and resected and ischemic volume, Urological Science (2016), http:/to some degree. Although it may not be a perfect model, we can
roughly assume that RAIV approximates a column and its volume is
determined by CSA (base area) multiplying the resection margin
(w). This was supported by our study in which there was no sig-
niﬁcant difference between the AUC of CSA and RAIV in predicting
PRF.
Most importantly the formula “CSA ¼ 2  p  r  d” is much
simpler and available than the mathematical model raised by Shin
et al16. Another difference between these two mathematical
models is that RAIV has one more parameter of “w”. Ideally, the
inclusion of “w” in calculation of volume loss should improve the
accuracy. However, interobserver variability of “w” may offset this
strength. For example, Spaliviero et al27 showed that the “R” and
the “A” subscales of the R.E.N.A.L. system and tumor size in the
PADUA system had the highest concordance rates. Interobserver
agreement in calculating C-Index was higher than PADUA or
R.E.N.A.L.27 In other words, the lesser numbers of parameters in the
nephrometry score and the easier measurability of the parameters
could lead to less interobserver variability.
There were some limitations to this study. First, it was a retro-
spective study with a small number of cases and short follow-up.
Second, the mean tumor size (5.3 cm) and percent change of
eGFR (15%) were greater compared with other series of PN.21,28
Third, we arbitrarily assigned the width of resection and ischem-
ization as 0.5 cm in our cohort. Actually, the resection margin and
the width of each suture cannot be uniform all around the tumor,
and the tumor may not be a true sphere in the real world. Fourth,
we assessed PRF using the MDRD equation. For better estimation of
renal function, renal scintigraphy should be used. Fifth, we took
ischemia time as a binary variable, which may have resulted in
interpretation error. We considered that every minute of cold and
warm ischemia time should not have the sameweight in regression
analysis.
In conclusion, CSA and RAIV were correlated with several peri-
operative outcomes and affected PRF. The ability to predict PRF
between CSA and RAIVwas nearly identical. CSAwas simpler to use,
independence of computation, and may possess less interobserver
variability in comparison with RAIV. We believe that CSA can
represent renal parenchymal loss. Nevertheless, further studies are
needed to validate this novel formula.References
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